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EXECUTIVE SUMMARY 
 

 This is a report analyzing and evaluating the current Composite flooring system and four 
proposed flooring systems (Non-Composite, Longspan Steel Joist, Concrete Flat Plate with Drop 
Panels and One-Way Concrete Beam and Slab) for National Harbor Building M.  The report 
starts out with a description of the each floor system and diagram of a typical bay from each 
respective system.  A number of evaluating criterions are introduced and each system is judged 
on their performance in each.  The results of the evaluation are summarized in a comparison 
chart and conclusions are drawn for viable flooring systems as they apply to this project.  
 In conducting this analysis it was clear that there is a defiant relationship between amount 
of material used and overall cost of the system.  That being said the Composite and Flat Plate 
Systems were the lightest and least expensive among the steel and concrete systems respectfully.  
Another inference which can be drawn from the comparison table is that with additional weight 
or mass of a building the better the vibration control becomes and the more critical the seismic 
lateral loads become.  In the end it was clear that the Composite System’s price and performance 
over the other steel systems made it the most viable out of that group.  Additionally, while both 
concrete systems preformed well the savings in cost and building load the Flat Plate System 
boasted over the One-Way Beam and Slab System made it the best concrete option. 
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STRUCTURAL SYSTEMS OVERVIEW 
 
Floor System: 
 The typical floor is a 6-1/4” thick composite concrete system.  It is comprised of a 3-1/4” 
light weight concrete slab with 3000 psi compressive strength and 3”-20 gauge A992 (50 ksi) 
composite steel deck.  The slab is reinforced with 6x6-10/10 draped welded wire mesh (WWM) 
and gains it composite properties from ¾” diameter 5-1/4” long steel studs.  This composite floor 
system is supported by A992 wide-flange beams which are typical spaced at 10’ on center, span 
30’-5-1/2” in a normal bay, and have a 1” camber.  These beams range in size from W14-22 to 
W16x26 and are in turn supported by a grid of wide flange girders.  The girders typically are 
spaced at 30’-5-1/2” with a 30’-0” span ranging from W18x50 to W24x84 with a 1” camber. 
 
Column System: 
 The columns are ASTM 572, grade 50 or A992 steel wide flanges and are laid out in 
fairly square bays (30’x30’-5-1/2” typ.) forming a mostly rectangular grid of 9 bays by 2 bays.  
They are the main gravity resisting members of the structure as well as a portion of the lateral 
resisting system.  The purely gravity resisting columns range from W12x65 to W14x109 at the 
bottom level and are spliced 4’ above the third floor level.  There are lateral force resisting 
columns in both moment and braced frames which range from W14x99 to W14x211 at the 
bottom level, however they tend to be on the order of W14x150’s.  These columns are also 
spliced at a distance 4’ above the third floor level. 
 
Roof System: 
 The roof of this structure is constructed in two different systems: typical flat roof steel 
deck and a composite slab roof construction.  The main roof is 3” 18 gauge wide rib, type N 
galvanized steel roof deck which is uniformly sloped.  The other roof system is a 4-1/2” normal 
weight composite concrete slab with 3000 psi compressive strength and reinforced by 6x6-10/10 
draped WWM supported by 3” 18 gauge composite steel deck.  The composite action in this slab 
as in the standard floor slabs comes from ¾” diameter 5-1/4” long equally spaced studs. 
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Foundation System: 
 The ground floor is constructed of a 4” thick slab on grade with a compressive strength of 
3000 psi and reinforced with 6x6-10/10 WWM.  The columns are supported by concrete footings, 
compressive strength of 4000 psi, which are in turn supported by driven 14” square precast 
prestressed concrete piles.  The piles, which have an axial capacity of 110 tons, uplift capacity of 
55 tons and a lateral capacity of 7.5 tons, are typically arranged in three pile pile group under the 
exterior columns.  These pile group and footing combinations are connected by reinforced 
concrete gradebeams running around the exterior of the foundation system.  The columns which 
form the braced frames around the elevator core are additionally supported by a reinforced 
concrete pedestal and a 43 pile mat-pile group footing. 
 
Masonry Wall System: 
 The Eastern wall of the structure is backed up by a full height 8” CMU masonry wall 
running the length of the building, 243’-8”.  The wall acts as a barrier between the office 
building and an adjacent parking garage being concurrently constructed.  It separats the two with 
a 4” expansion joint on the parking garage side and ties into the structure at every floor level 
with a standard bent plate connection every 32” on center.  The wall is reinforced with one or 
two #6 bars at a spacing of 8”-24” on center depending on the location.  It is additionally 
reinforced with bond beams for an impact loads from the parking garage of 6000lbs at a height 
of 1’-6” above the floor levels.  In addition to being a barrier sections of the CMU wall also act 
as (4) 30’-0” masonry shear walls to aid in the lateral force resisting system.   
 
Lateral System: 
 This building’s lateral force resisting system is a combination of multiple system types 
which act together to laterally support the building.  It contains (6) moment frames which run in 
the East-West or short direction of the building.  They are arranged symmetrically with (2) 
moment frames at each end of the grid and another at one full bay in from each end.  The 
structure also has 2 braced frames running in the short direction centrally located flanking the 
elevator core.  These braced frames are comprised of wide flange columns, beams, and diagonal 
members with the diagonal resisting members ranging from W12x79 – W12x190.  The final 
components of the system are (4) 30’-0” reinforced masonry shear walls located in the 8” CMU 
wall running in the North- South or long direction of the building.   
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 LOADS 
 

Live Loads: 
Area Design Load  ASCE 7-05 Minimum 
Lobbies 100 psf 100 psf 
Offices  100 psf 50 psf 
1st Floor Corridors  100 psf  100 psf 
Corridors above 1st Floor  100 psf  80 psf 
Future Retail Tenant  100 psf 100 psf 
 
Roof Live Loads: 
Item Design Load  Code Reference 
Minimum Roof Load  30 psf + snow drift   
Ground Snow Load (Pg) 25 psf  IBC 2003 1608.2 
Snow Exposure Factor (Ce) 1.0 (Exposure D, Partially exposed) IBC 2003 1608.3.1 
Thermal Factor (Ct)  1.0 IBC 1608.3.2 
Snow Importance Factor (Is)  1.0 IBC 1608.4 
Flat Roof Snow Load (Pf) 17.5 psf + snow drift  IBC 1608.3 
Minimum (Pf) used  20 psf + snow drift  
 
Dead Loads: 
Item Design Load 
Floor  25 psf  
Composite Roof  35 psf 
Non-Composite Roof  25 psf 
M/E/P 25 psf 
Canopies 25 psf  
8” CMU Wall 40 psf 
Additional Loadings  As Noted in Calculations  
 
Wall Loads: 
Item/Location Design Load (per foot along floor level) 
Partition 150 plf 
Glass Tower  320 plf 
2nd Floor Front Glass  230 plf 
3rd Floor Front Glass 150 plf 
3rd Floor Architectural Precast 300 plf 
3rd/4th Floor Brick 650 plf 
5th Floor Front Glass 620 plf 
5th Floor Brick  730 plf 
5th Floor Architectural Precast 620 plf 
Typical Glass Wall 280 plf  
Typical Parapet  260 plf  
Brick Parapet 260 plf 
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FLOOR SYSTEMS OVERVIEW 
 

Introduction: 
 This report will analyze five separate floor systems for their effectiveness as viable floor 
options in National Harbor Building M.  The original steel composite floor system will be rated 
against four proposed systems, two steel based and two concrete based, comparing them on a 
number of categories.  Building M has a general bay layout of 2 bays by 9 bays with the 2 
exterior bays having relatively short spans (11’-10”) and the center bay having a relatively long 
span (40’-0”).  The 6 remaining typical bays are relatively square spanning 30’-0” by 30’-5 ½”.  
In this report a 2 bay by 2 bay interior section of the typical bays was designed for each system. 
After the design was completed an analysis and comparison was done on a 1 bay by 2 bay 
section of each design and the results extrapolated for the entire building. 
 
Steel Composite Floor (Existing Design): 
 The existing composite floor system was analyzed as shown on the project drawings in 
RAM Structural System.   The computer software was used in an attempt to match the designed 
sizes of the members in the actual building.  All noted assumptions of the floor system as 
described in the structural overview were used and the majority of the members matched the 
engineer’s design.  The members that did not match closely were off because of minimum and 
maximum depth limitations dictated by the architecture of the building.  When these size 
restrictions were implicated into the model the members in question more closely matched those 
of the design drawings.  Further detailed information used in the analysis of this system (i.e. 
member cambers, shear stud counts, etc.) can be found the Appendix A. 
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Steel Non-Composite Floor: 
 The Non-Composite Floor System was analyzed using RAM Structural System and 
incorporated many of the same parameters and assumptions as the building’s original composite 
system.  This was done in an attempt to isolate the changes caused only by the restrictions of 
composite action in the beams and girders.  Some of the parameters which remained the same 
included the metal deck, the slab properties, and the dimensional layout of all members.  
Additionally, the model was run twice: once with size restrictions from maximum depth of the 
girders as dictated by the building’s architecture, and once with no size restrictions.  This 
restriction’s affect can be seen in the main girder which was set to a maximum depth of 19 
inches and changes the design from a W24x76 to a W18x86.  For sake of accuracy of 
comparison in this report the output from the size restricted model will be used seeing that the 
composite design used was under similar restrictions. Further detailed information used in the 
analysis of this system (i.e. member cambers, deflections, etc.) can be found the Appendix B. 
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Longspan Steel Joist: 
 The Longspan Steel Joist System is comprised of non-composite steel beams running 
along the column lines and LH series long span joists spanning the 30’-5 ½” direction between 
them.  They are set up on the same grid layout and support the same slab and deck combination 
as the Composite and Non-Composite Floor Systems.  Additionally, the size restrictions 
previously discussed were placed on this system to make a direct comparison of member sizes 
more applicable.  The spacing of the joist system was calculated using SJI standard 
specifications catalog and was dictated by its loading, span distance, live load deflection criteria 
and the aforementioned size restrictions.  Once a minimum spacing was obtained RAM 
Structural System was used and a typical 18LH06 joist was selected for the transverse direction.  
Further detailed information used in the analysis of this system can be found the Appendix C. 
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Flat Plate Concrete Slab with Drop Panels:  
 The Flat Plate Concrete Slab with Drop Panel System is also laid out on a 30’x30’ grid 
supported by 22 inch square columns which were assumed based on general column loads 
generated in Technical Report 1.  The CRSI Handbook was used to get a general starting point 
for the slab thickness, drop panel thickness, and drop panel dimensions dictated by the spans and 
loads of the system.  However, since the bay layout of National Harbor Building M does not 
comply with the handbook’s assumption that the system contains at least 3 bays in each direction 
the actual reinforcing steel was not taken from the handbook’s charts.  The general numbers from 
CRSI were used to amass a slab model in PCA slab.  In an attempt to decrease the weight of the 
11” thick slab required a lightweight concrete to be used in the design.  The PCA model was run 
and used to generate reinforcing bar sizes and layouts.  Further detailed information on slab 
properties and reinforcing schedules for this system can be found in Appendix E.  
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One-Way Concrete Beams and Slab: 
 The Concrete Beams and Slab System is laid out on a 30’x30’ grid and is supported by 
22 inch square columns which were sized from general column loads generated in Technical 
Report 1.  The beams, which run in both directions, and their reinforcement were designed using 
CRSI handbook tables.  The CRSI Handbook was then used to design the 6” thick one way slab 
which spans in the transverse direction 15’-0”.  The system is comprised of 18x26 interior and 
20x26 exterior girder beams running transversely through the bays on the column lines and 
16x24 beams running longitudinally through the bays on the column lines and at the midpoint of 
the spans.  The beam running along the front face of the building was increased in size to an 
18x24 in order to support an additional wall load of 650 plf.  While an attempt to follow size 
restrictions used in the original design of the floor system was made some spans dictated these 
restriction be broken.  Further detailed information on the system and its specific reinforcing can 
be found in appendix D. 
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FLOOR SYSTEMS COMPARISON 
 

Introduction: 
 Having described the five floor systems in the overview section, an analysis of each must 
now be performed.  Included in this detailed analysis will be comparisons and contrasts between 
each respective system in an attempt to determine which is ultimately the most appropriate 
system for this application.  This analytical survey will be conducted by judging each system in 
all of the following categories:  cost, slab thickness, total structural depth, system weight, lateral 
system effects, deflection, fire rating, vibration, column grid changes, aesthetics, and 
construction issues.  Following the analysis a comparison chart will rate each floor system in all 
given categories and determine the results. 
 
 
COST: 
 Cost is arguably the most critical variable to be considered when evaluating and 
comparing each respective floor system.  All things being equal the cheapest floor system which 
can adequately carry loads and perform to the projects standards will be chosen.  Understanding 
the importance of the analysis of each system’s cost, effort must be put forth to carefully 
consider and evaluate all factors affecting the total prices.  For this report the base price for a 
typical two bay transverse section was estimated using R.S. Means Cost Data Handbook.  For 
both concrete systems price per cubic yard quantities were used which priced each system as a 
whole including all components.  For the steel systems a component by component take off was 
preformed pricing every member of the systems separately and as accurately as possible.  Listed 
below are the component take off lists used to enter the R.S. Means Handbook. 
 
Floor System Components Used in R.S. Means 
Steel Composite Floor  W- Shapes + Studs + 3” 20 gauge Steel Deck + 6” Slab 
Steel Non-Composite 
Floor  

W- Shapes + 3” 20 gauge Steel Deck + 6” Slab 

Longspan Steel Joist  LH Joists + W-Shape Girders + 3” 20 gauge Steel Deck + 6” Slab 
Concrete Flat Plate with 
Drop Panels 

Elevated Slabs- Flat slab with drops, 30’ span 

One-Way Concrete 
Beams and Slab 

One Way Beam and Slab, 15’ span  

  
 It should be noted that the pricing for shear studs was done using the assumption that 
each stud is equivalent to 10lbs. of structural steel with the price of steel coming from the W-
shape prices.  Also worth noting is that an estimate of the concrete slab price used in the steel 
systems is based off of a 6” slab number while the actual slab is 6-1/4” over the 3” steel deck.  
The take off lists were used to generate a two bay cost for each system based off of a 2008 bare 
costs combination of material, labor, and equipment.  It is realized that because every bay in the 
floor layout is not typical and each system would handle atypical circumstances differently, an 
extrapolation for the building’s entire floor system price would not be totally accurate.  However, 
I believe that this pricing approach is more than adequate to achieve numbers capable of an 
accurate comparison between the respective floor system prices. The following table outlines the 
price break down for each floor system and the overall cost of each. 
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Cost Summary: 
Floor System W-Shapes/Joists Studs Decking  Slab Overall 
Steel Composite 
Floor  

$14,483 $3,393 $4,313 $5,537 $27,726 

Steel Non-
Composite Floor  

$20,920 -- $4,313 $5,537 $30,770 

Longspan Steel 
Joist  

W-Shapes - $12,125 
LH - $9,469 

-- $4,313 $5,537 $31,444 

Concrete Flat 
Plate with Drop 
Panels 

-- -- -- -- $29,718 

One-Way 
Concrete Beams 
and Slab 

-- -- -- -- $37,723 

 
 The results of the cost evaluation show that the Composite Floor is the cheapest steel 
system while the Flat Plate with Drop Panels is the cheapest concrete system.  Since the order 
from cheapest to most expensive is consistent with the order from lightest to heaviest for each 
respective building material (see weight summary below) it is safe to say the system cost is fairly 
proportional to the amount of material required. 
 

 
Slab Thickness: 
 The thickness of the slab is an important variable in that it has an effect on many other 
comparable issues.  A thicker slab can drive up the weight, cost, and structural depth of a 
flooring system.  Also, if the building’s height is set at a predetermined maximum a thicker slab 
can noticeably decrease floor to floor height.  Conversely a thicker slab can also prove to be a 
positive in the case of floor vibrations which can be very problematic in buildings with thin slabs.   
 The original design of the Composite Floor System called for a 3-1/4” LWC slab on top 
of 3” metal deck for a total of 6-1/4” slab depth.  This slab was carried through to the Non-
Composite and Longspan Steel Joist Systems for consistency in sizing members.  While this 
carry over allowed for a more direct comparison between member sizes it limits comparability 
between these system’s slab thickness.  However, it is understood that if a proposed steel system 
is selected for redesign a check of slab thickness may result in the selection of a thinner slab for 
the respective system.  
 In the design of the concrete systems it was determined that staying with a similar bay 
size (30’x30’) and designing a thicker slab was a more viable option than adding column rows 
thus decreasing bay size to approximately 20’x22’-4” and maintaining a thin slab.  This decision 
was based on the open layout style of the office occupancy of the building.  It was concluded that 
greater spans allowing for a greater flexibility of office space was of more importance than 
possibly decreasing the floor to floor height and driving up the previously mentioned factors. 
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Slab Thickness Summary: 
Floor System Slab Thickness 
Steel Composite Floor  6-1/4” 
Steel Non-Composite Floor  6-1/4” 
Longspan Steel Joist  6-1/4” 
Concrete Flat Plate with Drop Panels 11” 
One-Way Concrete Beams and Slab 6” 
 
 
Total Structural Depth: 
 Total structural depth is an important variable worth comparing in that it directly affects 
the amount of usable space in the building.  This variable becomes particularly more important in 
buildings with height restrictions because every additional inch of space taken up by the structure 
is one less inch of space accessible by the occupant.  In National Harbor Building M while height 
is not a specifically controlling factor, maintaining a reasonable structural depth should still be a 
main priority.  The total structural depth of a flooring system is the combination of its slab or 
horizontally spanning element and the members which support it.  In the original design of the 
building some size restrictions which controlled the overall structural depth were set.  The design 
of the proposed systems attempted to maintain the depth limitations and thus may not being as 
telling of a variable as member weight in this case.  It is also worth noting that a direct 
comparison between steel systems and concrete systems’ structural depth is not always 
applicable.  The placement of mechanical and other equipment located in the ceilings of 
buildings may be forced to run below a concrete system effectively increasing its structural depth 
were as it can pass through the members of some steel systems. 
 Since the three steel system described above all contain a 6-1/4” slab their total structural 
depth will differ as a result of their framing members.  The one way concrete beam and slab 
system’s total structural depth will be determined by the depth of beams only.  This measurement 
does not include slab thickness because the top of the slab and the top of the beams are poured at 
the same elevation.  In the Flat Panel System the total structural depth will be a combination of 
slab thickness and drop panel thickness because the drop panels extend below the slab around the 
columns.  
 
Total Structural Depth Summary: 
Floor System Maximum Depth Depth of Main Span 

Elements 
Steel Composite Floor  30-1/4” (6-1/4” slab + W24) 22-1/4” (6-1/4” slab + W16) 
Steel Non-Composite 
Floor  

30-1/4” (6-1/4” slab + W24) 24-1/4” (6-1/4” slab + W18) 

Longspan Steel Joist  
 

30-1/4” (6-1/4” slab + W24)  24-1/4” (6-1/4” slab + LH18) 

Concrete Flat Plate with 
Drop Panels 

20” (11” slab + 9” D.P.) 11” (slab) 

One-Way Concrete Beams 
and Slab 

26” (Girder Beams) 24” (Interior Beams) 
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SYSTEM WEIGHT: 
 The weight of a floor system can effect an overall building directly when considering 
seismic forces and foundation loads and indirectly through cost analysis.  In the case of National 
Harbor Building M the two direct effects will have significant impacts on the design process.  
The lateral system of Building M is already controlled by seismic forces in the longitudinal 
direction.  Because of this any increase in seismic weight, or dead load of the building, will drive 
up the controlling force in that direction.  Additionally, the building’s foundation system is 
comprised of driven prestressed precast concrete piles which carry up to 110 tons in axial force 
each.  A calculated number of piles are driven at the base of each column to support the 
respective load of the column.  A significant increase in building dead load could lead to greater 
loads at the column footings thus requiring more piles per footing.  Both of these conditions play 
into the indirect effect floor system weight has on cost.  While cost will be more thoroughly 
examined in another section it is apparent that it will increase. This is partly a result of weight 
per square foot of building but additionally because of enhancement to other building systems as 
a result of an increased load. 
 The weights of each respective floor system were calculated for a typical 2 bay transverse 
cut of building section which totals 1828 SF for the steel systems and 1800SF for the concrete 
systems.  This section of Building M makes up about 1/8 of each floors total area.  Considering 
there are four levels being framed by this system, discounting the ground level which is slab on 
grade and the roof framing, this section is representative of approximately 1/32 of the total floor 
framing area.  For comparison purposes each system was also evaluated as a percentage of the 
building’s originally designed weight.  It is understood this approximation does not take into 
account special conditions like the longer spanning central bay or the cantilevered corner 
conditions which may affect member sizes and slab depths of each respective system differently.   
 The three steel floor systems were calculated to be within 6% of each others respective 
weights.  The composite system as would be predicted averaged out to be lighter than the non-
composite system and the open-web steel joist system.  The joist system while comprised of 
much lighter members requires a significantly tighter spacing for load carrying capacities than 
the beams supporting the wide flange systems thus increasing its weight. 
 The two concrete systems predictably have a much higher unit weight than the steel 
systems mainly because of the amount of material required.  The weight of the Flat Plate Drop 
Panel System was driven up as a result of the decision to maintain the 30’ spans of the original 
building at the cost of increasing slab thickness to 11”.  An attempt to minimize this weight 
increase was made by choosing a lightweight concrete mixture, however this system still ended 
up being the heaviest floor system.  Had the decision to compromise the openness of the office 
space layout been made the design would have included more columns framing smaller spans.  
This would have allowed for a much thinner slab and thus much less weight in the system.  
Similarly, the one-way concrete beam system would have seen a reduction in beam size and a 
slight reduction in slab thickness with a shorter span column layout. 
  
 
 
 
 
 
 



Ryan Sarazen  Technical Report -2 
National Harbor Building M  16 of 42 

Weight Summary:  
Floor System System Unit Weight (psf) Percentage increase 

of base weight 
Steel Composite Floor  51.9 base 
Steel Non-Composite Floor  54.7 +5.3% 
Longspan Steel Joist  56.1 +8.1% 
Concrete Flat Plate with Drop 
Panels 

115 +118% 

One-Way Concrete Beams 
and Slab 

127 +141% 

     
 
 
LATERAL SYSTEM EFFECTS: 
  The lateral system of a building can be dictated based upon which resisting techniques 
work well with that building’s floor system material.  A building with a mainly steel constructed 
floor and framing system is likely to have moment and braced frames while a concrete 
constructed floor system would typically have shear walls as its lateral resisting element.  
National Harbor Building M as designed originally implements the use of both moment and 
braced frames which take the load transversely and masonry shear walls which take loads 
longitudinally. 
 The three steel systems would lend themselves well to maintaining the current lateral 
system design.  Conversely some redesign of the lateral system would be required for the two 
concrete floor systems.  The masonry wall which separates the office building from the parking 
garage and contains the four 30’ shear walls would probably be redesigned as a concrete wall.  
These walls capacity would need to be checked for their ability to resist an increase in seismic 
lateral loads which already control in their direction.  The increase in seismic forces could come 
as a result of increasing seismic weight of the building with the switch from steel to concrete.  
Additionally, shear walls running in the transverse direction would need to be looked into as a 
replacement for the steel moment  and braced frames which previously resisted lateral forces in 
that direction.   
 
 
DEFLECTION: 
 Code dictates that all members should deflect no more L/360 under live loads and L/240 
under total loads.  While all members and systems proposed in this report meet those criteria it is 
safe to say that the less deflection a system allows the better.  With that being said a comparison 
between the deflections of each respective system would prove an important variable in their 
analysis. 
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Deflection Summary: 
Floor System Max Deflection (Live Load) Max Deflection (Total Load) 
Steel Composite Floor  0.872” 1.405” 
Steel Non-Composite Floor  1.009” 1.306” 
Longspan Steel Joist  0.856” 1.485” 
Concrete Flat Plate with Drop 
Panels 

0.098” 0.200” 

One-Way Concrete Beams 
and Slab 

0.245” 0.509” 

 
 The two concrete systems clearly evaluated much better than the steel systems in this 
category.  As for the steel systems the Longspan Steel Joist System resulted in the poorest total 
deflections numbers.  It is reasonable to assume this is a result of the lack of initial camber 
imposed on the joist members as opposed to the Composite and Non-Composite Systems’ 
members that see approximately ½” – 1” of camber prior to loading. 
 
 
FIRE RATING: 
 Fire rating is an important variable in the comparison process in that it could represent a 
hidden or unforeseen cost of a floor system.  National Harbor Building M requires all floor 
construction including beams and joists receive a two hour fire protection rating.  The Non-
Composite Steel System and the base Composite System will achieve this rating through spray-
on fire proofing to a code dictated thickness.  While this may be a slight hindrance to the 
construction process it is a fairly typical procedure and its economical implications are not 
extremely significant.  Both the One-Way Concrete Beam and Slab and the Flat Plate Drop Panel 
System will require no additional fire proofing if a minimum slab thickness is provided and all 
reinforcing cover guidelines are followed.  This is a plus for each system in that no additional 
costs will occupancy the base price for the system.  The Longspan Joist System however will 
present problems to achieve the desired rating.  The configuration of the open-web joist members 
makes it extremely difficult to apply a spray on fire proofing.  To combat this problem either the 
entire system would have to be closed off by a fire proof barrier or the individual webs would 
need to be enclosed and then coated with the spray fire proofing.  Any way the fire proofing is 
applied to these members will require additional labor and materials producing a large hidden 
cost to the system.  Fire proofing defiantly proves to be a huge negative factor when evaluating 
the effectiveness of the Lognspan Steel Joist System. 
 
 
VIBRATION: 
 The office occupancy of National Harbor Building M dictates that vibration probably 
won’t be as key of a factor as it would be if the building had a mixed use occupancy.  Regardless 
of the amount of impact it will have on the final floor system decision, vibration and each 
system’s ability to control it is still an important topic to evaluate.  The relative vibrations 
transmitted through a system are approximately proportional to that system’s relative stiffness 
and depth.  Based on those criteria it is apparent the two concrete systems with their thick slabs 
and stiff frames will control vibrations relatively well as compared to the steel systems.  The size 
restrictions limiting the depth of the members of the Composite and Non-Composite steel 
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Systems could possibly make them susceptible to vibration issues.  Further research on their 
ability to resist vibrations would need to be done if one of these systems were chosen for 
implementation.  
 
 
COLUMN GRID/BUILDING CHANGES: 
 While designing proposed flooring systems for National Harbor Building M an attempt 
was made to maintain the building’s original layout.  Two main areas emphasized in this 
decision were in the column grid layout and the size restrictions of main framing members.  
Since some systems characteristics did not lend themselves to the original design parameters as 
well as others there were some instances where minor adjustments had to be made. 
 The decision to remain with the open floor layout of the column grid, only one line of 
interior columns running transversely, was made based on the function of the building’s 
occupancy.  Since the building was designed for future office tenants it was felt that an open 
layout increased space flexibility making it more appealing to prospective tenants.  Additionally, 
the architecture of the space dictated that certain overall limits on structural depth be maintained 
along the column lines running longitudinally throughout the building. 
 Since the design of the original system was done in steel it was no surprise that the 
additional proposed steel systems had little trouble conforming to these restrictions.  While some 
additional weight was added as a result of controlling the depth of the steel members it seemed a 
reasonable trade off to maintain the original integrity of the design.  The concrete systems which 
typically would perform better in a shorter span application saw more significant increases in 
their system weight as a result of the restrictions.  A minor adjustment in the column grid was 
made changing the bay size from 30’-5 ½”x30’ to 30’x30’ to slightly simplify the design 
application.  It was decided this adjustment could be made without affecting the integrity of the 
architecture laid out in the original design. 
  
 
ASETHETICS: 
 A floor system’s construction can affect a building’s overall aesthetical qualities through 
its structural depth and overall appearance depending on the ceiling type.  Since higher ceilings 
are desirable when possible a smaller overall structural depth would provide more possibilities 
for aesthetic freedom.  In the situation where the structure is exposed above the system’s 
physical aesthetics this must be taken into consideration. 
  National Harbor Building M’s primary space is for office occupancy with roughly 3/4 of 
ceiling being designed as a drop tile ceiling and the other 1/4 as exposed structure in the original 
design.  This layout would lend itself well to the proposed Non-Composite System seeing that it 
contains basically the same structural member types as the current design.  The look of the two 
concrete systems may not coincide with architect’s design of the area, in which case it may be 
necessary to extend the drop ceiling over the entire area.  Additionally the layout of mechanical 
and other equipment contained in the ceiling cavity may need to be reworked in the concrete 
systems to maintain the current floor to ceiling height of the office space. 
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CONSTRUCTION ISSUES: 
 The ease and speed at which a floor system can be constructed is a huge factor to 
consider when selecting a system.  The Composite and Non-Composite Systems are fairly 
straight forward systems which go up relatively easy and fast.  This process will require some 
staging area but the speed at which it can be up will prevent large amounts of steel and other 
materials from accumulating on site.  Both concrete systems will require formwork construction, 
pouring of the concrete, and some curing time before another level can be built.  While neither 
are extremely tough systems to construct for qualified contractors the process will probably take 
longer then the steel systems.  The Longspan Steel Joist System may pose time and construction 
issue when it comes to the application of its fire protection, which is discussed in more detail in 
the fire rating section of the report. 
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OVERALL COMPARSION BREAKDOWN 
 

Item Steel 
Composite  

Steel Non-
Composite  

Longspan 
Steel Joist 

Concrete 
Flat Plate 
with Drop 

Panels 

One-Way 
Concrete 

Beams and 
Slab 

Cost 
(per 2 bays) 

 

 
$27,726 

 
$30,770 

 
$31,444 

 
$29,718 

 
$37,723 

 
Slab Width 

 

 
6-1/4” 

 
6-1/4” 

 
6-1/4” 

 
11” 

 
6” 

Total 
Structural 

Depth 

 
30-1/4” 

 
30-1/4” 

 
30-1/4” 

 
20” 

 
26” 

 
Weight 

 

 
Base Weight 

 
+5.3% 

 
+6.4% 

 
+118% 

 
+141% 

Lateral 
System 
Effects 

 
None 

 
None 

 
None 

Concrete 
Shear Walls 

each way 

Concrete 
Shear Walls 

each way 
 

Deflection 
 

LL – 0.872” 
TL – 1.405” 

LL – 1.009” 
TL – 1.306” 

LL – 0.856” 
TL – 1.485” 

LL – 0.098” 
TL – 0.200” 

LL - 0.245” 
TL - 0.509” 

 
Fire Rating 

 

 
Spray-On  

 
Spray-On 

Expensive 
Special 

Detailing 

No 
Additional 

No 
Additional 

 
Vibration 

 

 
Average  

 
Average 

 
Good 

 
Excellent 

 
Excellent 

Column 
Grid 

Changes 

 
None  

 
None 

 
None 

 

Change to 
30’x30’ bays 

Change to 
30’x30’ bays 

 
Aesthetics 

 

 
Deep System 

 
Deep System 

Issues in 
exposed area 

 

Shallow 
System 

Mech. Eq. 
Penetration 

issues 
Construction 

Issues 
Simple 

Construction 
 

Simple 
Construction 

Difficult 
Fire Proofing 

Time/ Labor 
Issues 

Time/Labor 
Issues 

Viable Floor 
System? 

 
Yes 

 

 
No 

 
No 

 
Yes 

 
Yes 
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CONCLUSIONS 
 

 It is not hard to argue with the original decision to select the composite system as the 
flooring solution of choice for this project.  The results of this analysis show no reason to choose 
either of the other steel systems as a replacement for the composite system.  While all three 
systems rate fairly similar in most performance evaluations, with the exception of the Longspan 
Steel Joist fire-proofing issues, neither of the newly proposed systems outperform the composite 
system in any category.  Additionally, the composite system is lighter and therefore a decent 
percentage cheaper then the Non-Composite or Joist Systems.  With all things being equal or 
slightly leaning towards the composite system already, the roughly 10-12% price break the 
composite floor presents clearly makes it the most logical steel choice. 
 A comparison between the Flat Plate Drop Panel and the One-Way Beam and Slab 
Concrete Systems seems to favor the Flat Plate Drop Panel System.  While both systems seem 
capable of performing adequately the Flat Plate system is considerably lighter and less expensive.  
The depth of the structures is a tricky criterion by which to judge and compare these two systems.  
While the Flat Plate System has a very thick slab there are no beams protruding down throughout 
the entire span as in the One-way Beam and Slab System.  Considering all variables I feel the 
Flat Plate System would be a more viable concrete floor system for National Harbor Building M.  
Now that the most appropriate steel and concrete systems have been decided,  a comparison 
between the two can be conducted to determine which is the overall best fit for this project.  
Since the price of both systems is on roughly the same magnitude a comparison of their 
performance and physical characterizes can be considered.  The main drawback of the Flat Plate 
System is definitely its weight and thus its effect on the lateral system.  A possible way to 
combat these issues would be to tighten the column grid and thus the spans allowing the system 
to be designed with a smaller slab thickness.  The smaller slab thickness would open up more 
overhead space and help decrease some of the building weight which is increasing the 
longitudinally controlling seismic forces.  Also a determination on how to work in a transverse 
lateral reinforcement system with the absence of the steel moment and braced frames must be 
addressed.  Shear walls may be hard to implicate in the transverse direction with the occupancy 
of the building favoring open, flexible spaces.  In comparison to the Steel Composite System 
which has few if any glaring weaknesses the Flat Plate System may not seem a viable 
replacement.  However, if some of its issues are able to be reasonably and economically 
addressed it definitely does look like a viable flooring system for the project. 
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APPENDIX A 
(Composite System) 

 
 
 

Member Studs Camber 
W16x26 22 1” 
W21x44 19 -- 
W18x50 48 1” 
W24x55 18 -- 

 
 
 
 
 
 

 
System Weight (per two bay section) 
 
 Steel:  -(8) W16x26 @ 30’-5 ½”  =  6,335 lbs 
   -(1) W21x44 @ 30’-0”  =  1,320 lbs 
   -(1) W18x50 @ 30’0”   =  1,500 lbs 
   -(1) W24x55 @ 30’-0”  =  1,650 lbs 
        =  10,805 lbs 
 
 Slab:  (30’ x 60’-11”)x(46psf)  = 84,065 lbs 
 

TOTAL = 94,870 lbs 
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APPENDIX B 
(Non-Composite System) 

 
System Weight (per two bay section) 
 
 Steel:  -(8) W18x40 @ 30’-5 ½”  =  9,747 lbs 
   -(1) W24x62 @ 30’-0”  =  1,860 lbs 
   -(1) W18x86 @ 30’0”   =  2,580 lbs 
   -(1) W24x55 @ 30’-0”  =  1,650 lbs 
        =  15,837 lbs 
 
 Slab:  (30’ x 60’-11”)x(46psf)  = 84,065 lbs 
 

TOTAL = 99,902 lbs 
 
 
 
 

*** Note: The differing beam shapes and their corresponding deflections should be ignored in the following 
deflection chart.  They are the exterior beams / girders on the two bay model and do not see the load they would 

have the entire floor been modeled. 
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APPENDIX C 
(Longspan Steel Joist System) 

 
 

System Weight (per two bay section) 
 
 Steel:  -(16) 18LH08 (19plf) @ 30’-5 ½” =  9,259 lbs 
   -(4) W16x26 @ 30’-5 ½”  =  3,168 lbs 
   -(1) W24x65 @ 30’-0”  =  1,950 lbs 
   -(1) W18x86 @ 30’0”   =  2,580 lbs 
   -(1) W21x50 @ 30’-0”  =  1,500 lbs 
        =  18,457 lbs 
 
 Slab:  (30’ x 60’-11”)x(46psf)  = 84,065 lbs 
 

TOTAL = 102,522 lbs 
 

 
Maximum Spacing Calculation 

• d < 19” max 
• 18LH08 (19 plf) @ 31’ => 680/351 
• Loads:  SIDL = 25 psf, DL = 46 psf (slab SW), LL = 100psf, S = spacing 
• Total Deflection:  680 = 71S + 19 + 100S,  S = 3.87’ max 
• Live Load Deflection:  351 = 100S,  S = 3.51’ max <= controls 
• 30’/ 9 spaces = 3.33’ < 3.51’,   use 8 joists @ 3.33’ o.c. 

 
 

 
 

*** Note: The differing beam shapes and their corresponding deflections should be ignored in the following 
deflection chart.  They are the exterior beams / girders on the two bay model and do not see the load they would 

have the entire floor been modeled. 



Ryan Sarazen  Technical Report -2 
National Harbor Building M  27 of 42 

 



Ryan Sarazen  Technical Report -2 
National Harbor Building M  28 of 42 



Ryan Sarazen  Technical Report -2 
National Harbor Building M  29 of 42 

APPENDIX D 
(Flat Plate with Drop Panel System) 

 
 
System Weight (per two bay section) 
 
 Slab:  (30’ x 60’-11”)x(11”/12)x(115pcf)  = 189,750 lbs 
  
 Drop Panels: (10’x10’)x(2 eff. Panels)x(9”/12)x(115) = 17,250 lbs 

 
 

TOTAL = 207,000 lbs 
 

 
 
Load Calculation used to enter CRSI 
 

• SIDL = 25psf, LL = 100 psf => reduces to 75psf 
• 1.4(25psf) + 1.7(75psf) = 162.5 psf 
• Obtain basic parameters of 11” slab and 9” (10’x10’) Drop Panels to enter into PCA Slab 
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APPENDIX E 
(One-Way Concrete Beam and Slab System) 

 
 

System Weight (per two bay section) 
 
 Slab:  (30’ x 60’)x(6”/12)x(150pcf)    = 135,000 lbs 
  
 Beams: -(4)x(30’)x(16”x18”)x(1/144)x(150pcf)  = 36,000 lbs 
   -(2)x(30’)x(20”x20”)x(1/144)x(150pcf)  = 25,000 lbs 
   -(2)x(30’)x(18”x20”)x(1/144)x(150pcf)  = 22,500 lbs 
   -(1)x(30’)x(18”x18”)x(1/144)x(150pcf)  = 10,125 lbs 

         = 93,625 lbs 
 

TOTAL = 228,625 lbs 
 
 

Load Calculations used in CRSI tables 
 
Interior Beams: 

• DL = (6”/12)x(150pcf) = 75psf,  SIDL = 25 psf,  LL(reduced) = 96psf 
• Estimate Beam Size = (18”x24.5”)x(150pcf)x(1/144) = 459plf 
• Load factors:  1.4(100psf x 15’) + 1.7(96psf x 15’) + 1.4(459plf) = 5.19klf 
• Sized a 16x24 interior span beam  

 
Exterior Beams carrying wall load: 

• Typical brick wall load = .650klf  =>  5.19klf + 1.4(.650klf) = 6.1klf 
• Sized a 18x24 interior span beam for exterior wall 
 

Girder: 
• Clear span = 28.33’,  depth limitation of 27” 
• Concentrated load on Girder = 5.19klf x 30’ = 156K 
• Girder Self Weight = (18”x24.5”)x(150pcf)x(1/144) = .459klf 
• Concentrated Factored Moment = (156K x 28.33’)/8 = 552 ft-K 
• Equivalent Uniform Girder Load = w = (11xM)/ln^2,  w = (11 x 552) / (28.33^2) = 7.6klf 
• Total Factored Uniform Load = 7.6klf + .459klf = 8.06klf 
• Sized a 18x26 interior span girder and a 20x26 end span girder 

 
 
*** Note: The procedure for finding equivalent loadings for the beams and girders was taken directly from the CRSI 
handbook.   End span conditions are for beams or girders perpendicularly framing into the end of an exterior bay.  
Interior spans encompass other cases, thus the reason an interior chart was used to size the exterior beam running 
parallel to the edge of the building. 
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Beam Deflection Calculations taken from CRSI charts 
 

• Total Factored load = 5.2klf (see above),   Factored Live Load = 1.7(96psf) = 2.5klf 
• Deflection coefficient (C) from CRSI beam chart = 249 x 10^-9 
• Deflection equation from CRSI handbook = C x (w/1.6) x (ln)^4 
• TLdef = (249 x 10^-9) x (5.2klf/1.6) x (28.167)^4 = 0.509” 
• LLdef = (249 x 10^-9) x (2.5klf/1.6) x (28.167)^4 = 0.245” 

 
 

 
*** Note: The deflection calculations were carried out for a typical interior 16x24 beam spanning 30’.



Ryan Sarazen  Technical Report -2 
National Harbor Building M  34 of 42 



Ryan Sarazen  Technical Report -2 
National Harbor Building M  35 of 42 



Ryan Sarazen  Technical Report -2 
National Harbor Building M  36 of 42 



Ryan Sarazen  Technical Report -2 
National Harbor Building M  37 of 42 

 
  



Ryan Sarazen  Technical Report -2 
National Harbor Building M  38 of 42 

APPENDIX F 
(COST CALCULATIONS) 

 
 

Composite Floor 
 
 Item Amount R.S. Means  

Quantity Price 
Total Cost: 

(Labor + Equipment + Material)
Steel:    

W16x26 8x(30.458’) 35.41/L.F. $8,628 
W18x50 (30’) 66.08/L.F. $1,982 
W24x55 (30’) 71.09/L.F. $2,133 
W21x44 (30’) 57.99/L.F. $1,740 

   =  $14,483 
Studs:    

261 studs 2,610 lbs $1.30/lb = $3,393 
Decking:    

3” Deep Galvanized 
20 gauge 

1828 S.F. $2.36/S.F. = $4,313 

Concrete:    
6” slab 1828 S.F. $3.03/S.F. = $5,537 

    
  TOTAL = $27,726 

 
 
Non-Composite Floor 
 
 Item Amount R.S. Means  

Quantity Price 
Total Cost: 

(Labor + Equipment + Material)
Steel:    

W18x40 8x(30.458’) 53.80/L.F. $13,109 
W18x86 (30’) 109.66/L.F. $3,290 
W24x62 (30’) 79.59/L.F. $2,388 
W24x55 (30’) 71.09/L.F. $2,133 

   =  $20,920 
Decking:    

3” Deep Galvanized 
20 gauge 

1828 S.F. $2.36/S.F. = $4,313 

Concrete:    
6” slab 1828 S.F. $3.03/S.F. = $5,537 

    
  TOTAL = $30,770 
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Longspan Steel Joist 
 
 Item Amount R.S. Means  

Quantity Price 
Total Cost: 

(Labor + Equipment + Material)
Steel:    

18LH08 16x(30.458’) 19.43/L.F. $9,469 
W16x26 4x(30.458’) 35.41/L.F. $4,314 
W18x86 (30’) 109.66/L.F. $3,290 
W24x62 (30’) 79.59/L.F. $2,388 
W24x55 (30’) 71.09/L.F. $2,133 

   =  $21,594 
Decking:    

3” Deep Galvanized 
20 gauge 

1828 S.F. $2.36/S.F. = $4,313 

Concrete:    
6” slab 1828 S.F. $3.03/S.F. = $5,537 

    
  TOTAL = $31,444 

 
 
Flat Plate with Drop Panels 
 
 Item Amount R.S. Means  

Quantity Price 
Total Cost: 

(Labor + Equipment + Material)
Slab:    

 61.11C.Y. $445.75/C.Y. $27,240 
Drop Panels:    

 5.56 C.Y. $445.75/C.Y. $2,478 
    
  TOTAL = $29,718 

 
One-Way Beam and Slab 
 
 Item Amount R.S. Means  

Quantity Price 
Total Cost: 

(Labor + Equipment + Material)
Slab:    

 33.33C.Y. $685.50/C.Y. $22,848 
Beams:    

 21.70 C.Y. $685.50/C.Y. $14,875 
    
  TOTAL = $37,723 
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